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Abstract—The present study focuses on the educational value of lab work 
while teaching and learning Physics. Specifically, it investigates and compares 
the learning outcomes between three different experimental groups, in the study 
of the Simple Gravity Pendulum in the lower secondary school, using a sample 
of 61 students aged 14-15.  The first group comprising 25 students practiced 
first on virtual and then on real lab, while the second group of 24, first on real 
and then on virtual lab (change of order  in the tasks).An additional third group, 
involving 12 students, used sensors and data loggers during experimental prac-
tice. The educationally optimum order of use of such labs is investigated herein. 
The learners exploited the capabilities of the lab equipment, in that they them-
selves designed, constructed, and analysed the simple gravity pendulum.  The 
focus in the teaching and learning of the pendulum was on examining subject 
relevance in the context of everyday applications, the independency of the peri-
od from the mass of the bob, or the amplitude, and the dependence of the period 
from the pendulum length, and the local acceleration of gravity. The research 
tools used were a stabilised questionnaire, with 16 closed-type questions and 7 
questions asking for a justifying answer, in addition to a semi-structured inter-
view. Data were taken and were appropriately analysed and compared, and con-
clusions are presented herein. The results confirmed that concerning some 
teaching objectives, learners’ understanding is positively affected by the order 
the real and the virtual labs are used in teaching. This result applies when ad-
dressing this age-group, and when teaching the simple gravity pendulum. 
Keywords—Science teaching, Real experiments, Virtual experiments, compar-
ative study, simple gravity pendulum  
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1 Introduction 
Even though the study of the simple gravity pendulum is included in the majority 
of school curricula of physics worldwide, learners’ perceptions about it are relatively 
poor [1]. According to literature reviews, research findings regarding students’ per-
ceptions and/or misconceptions about the apparatus and the associated observations, 
mainly fall into two categories. The first one is about research that relates to simple 
gravity pendulums, which students observe in a natural environment forming a math-
ematical model of a pendulum. In this category, it is the Newtonian conceptual 
framework that prevails, and students’ perceptions refer to the period or frequency 
dependency of the simple gravity pendulum, the width of hovering, the weight of the 
bob, its length and their combinations [2,3,4,5,6,7,8]. The second category refers to 
themethodology used by researchers to examine the accuracy of the mathematical 
model regarding its ability to simulate and adequately describe the observed natural 
behaviour of the pendulum [9,10], [4], [11,12]. It seems that students’ misconceptions 
about the pendulum are significantly affected by their perceptions as regards their 
ability to recognise the variables and the checking of conditions [4]. Therefore, what-
ever change there may appear in the first one, should also include the second ones as 
well [10].  
Finally, according to literature reviews, there is just one study that refers to stu-
dents’ cultural perceptions regarding the pendulum [7]. This fact demonstrates the 
acute mismatch between its profound role in physics [13,14,15,16,17] and science in 
general, and (on the other hand) its place in school curricula as a cultural feature [18]. 
During the past years, a large number of research effort on Science teaching has been 
reported. The main research topic seems to be the investigation of students’ ideas (or 
misrepresentations), the study of students’ reasoning and comprehension, and the 
methods proposed for overcoming any intellectual difficulties to conquest scientific 
thinking. One of the most important research results is the ascertainment that students 
use alternative models, with the help of which they mediate and try to comprehend all 
science phenomena and their everydayapplications. These so-called“alternative ide-
as”, often remain unchanged or partly modified, even after many years of repeated 
teaching at a theoretical or experimental level, throughout formal education. To this 
end, to detect and confront them is of great interest to Science Education researchers, 
and especially so for such important physical phenomena, relevant for both Science 
and everyday life. 
2 Rationale for the Present Study 
Experiments play a dominant role in physics, and also in our attempt to understand 
the processes of physical phenomena in our world [19]. Studies have shown that 
school experiments affect and enhance knowledge acquisition more than traditional 
chalk-and-blackboard teaching. Teaching strategies incorporating experiments are 
considered the most important educational tools in the science classroom, especially 
when teaching difficult or abstract concepts [19]. Their role is to link theory with 
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practice, especially for those students acquiring experimental skills, and enhance their 
exposure to scientific thinking and their consequently help their cognitive develop-
ment. Experiments can be (a) real or (b) virtual or (c) performed with the use of sen-
sors and data loggers. 
Studies have shown that when experiments are appropriately designed, and engage 
learners in interaction and cooperation, they yield positive cognitive results. Moreo-
ver, research findings conducted between 1987 onwards, testing the educational use 
of real and virtual laboratories, have shown that the overall effect of such interven-
tions was didactically similar when comparing real and virtual laboratories. Further-
more, combining both types was considered even more successful. [20, 21, 22]. Keep-
ing the aforementioned points in mind, and while appreciating the usefulness of both 
real and virtual labs in the teaching and learning process, it was decided to test the 
educational effect when switching the order the labs were performed, in class. What 
happens educationally when we first perform the virtual experiment and then the real 
one, and how does this compare with the opposite order of events, i.e. doing the real 
one first?Furthermore, when the experimental setup is enhanced by the use of sensors 
and data loggers, which is the optimum order to perform these experiments? Which 
educational planning yields the best educational effect? Which educational planning 
yields the best results? The validity of the present test is further enhanced by the simi-
larity in the design of the real and the virtual lab exercises. Indeed, real and virtual 
labsare not only mutually compatible but also similar as, being designed in parallel, 
they form part of the very same unit of school-lab experiments. Systematic errors 
were further reduced in this study by the fact that the teaching was supervised by the 
same researcher in all 3 (broadly similar) experimental groups. 
3 The Research 
3.1 Research questions 
Themainresearchquestion addressed hereinwas the investigation of the optimum 
teaching order. Which of the three – first therealand then the virtual lab, orfirst the 
virtualand then the reallab, or perhaps the use of sensors and data loggers- canbetter 
improvelearning? Which method would yield the best resultsintheteaching of the basic-
conceptsconcerning the simple gravity pendulum?As such, we have identified and 
tested the following aspects: Relevance and everyday applications, independence of 
pendulum frequency from the mass of the bob, dependence from the pendulum 
length, the local acceleration of gravity, and the ever slight dependency of the natural 
frequency from the amplitude (i.e. the swing). 
3.2 The Sample 
The sample consisted of three groups making a total of 61 Junior High School stu-
dents, aged 14-15. Specifically, 25 learners worked on experiments progressing form 
virtual to real labs (group-1), another 24 learners with experiments starting from real 
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and moving to virtual labs (group-2), and 12 more learners using sensors and data 
loggers (group-3). The learners exploited the capabilities of the lab equipment in 
order to design, create, and analyse the simple gravity pendulum. 
3.3 Research tools 
The study used both quantitative and qualitative research methods. The latter was 
used to provide the researchers with a clearer picture of any hitherto unsuspected 
educational research issues, via direct talk with the students, and utilised for research 
validation purposes. The research tool was a stabilised test with 16 closed-type ques-
tions of and 7 questions that asked a justifying answer, and in additiona semi-
structured interview. The aforementioned test was verified regarding its validity and 
reliability during a pilot-phase testing. The teaching objectives of the specific ques-
tionnaire used are presented grouped in various categories, in Table 1 below: 
Table 1.  Categories of Teaching Objectives for the Subject Taught 
Categories of teaching objectives for 
subject taught 
Question 
Number Teaching objectives 
O1. Relevance & everyday applications of 
simple pendulum 1,2,3,4 
To understand the usefulness and everyday 
applications of simple pendulum 
O2. Dependency of period on the pendu-
lum length 7,14 
To understand the relationship between 
period and pendulum length 
O3. Independency of period on the mass of 
the bob 5,9,11,15 
To understand the relationship between 
period and mass of the bob 
O4. Dependency of period on local accel-
eration of gravity 12,13,16 
To understand the relationship between 
length and the local acceleration of gravity 
O5. Independency of period from the 
amplitude 6,8 
To understand the relationship between 
period and amplitude of the swing 
3.4 The purpose of the research  
The purpose of the present study is to investigate the educational effect when 
switching the teaching-order when using virtual and real labs, as well aswhen experi-
menting with sensors and data loggers, while studying the simple gravity pendulum. 
More particularly, the aim was to investigate the extent to which a different order in 
the use of labs (i.e. first virtual and then real,versus using first the real and then the 
virtual lab) gives the best results in terms of conceptual understanding of the basic 
concepts concerningthe simple gravity pendulum on 14-15 year-olds. An additional 
aim concerns the question of whether any progress of conceptual understanding dif-
fers when students practice on real laboratory using sensors and ICT, albeit combined 
with adequate theoretical explanation. For this purpose, a comparative study was 
conducted between different orderings (time-wise) of lab-type usage, in order to de-
termine the effectiveness of switching the order of Lab-teaching, using whichever 
method. 
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3.5 Research stages 
Theresearch took place in three successive phases of 6 teaching hours, with an ad-
ditional fourth phase of one hour (conducted after a month) used in order to detect any 
late changes of learners’ ideas, regarding the simple gravity pendulum. 
Particularly, during the first phase (1 hour), learners’ alternative ideas were detect-
ed with a test (pre-test), which was appropriately adapted from that directed to older 
students, to the learner’s level of comprehension. The second phase (4 hours) started 
with learners’ familiarisation with the lab equipment to be used, and some general 
information provided to the learners concerning the subject of simple gravity pendu-
lum. The basic instructive tool used was a worksheet following the principles of in-
quiry-based learning, containing all activities to be completed, and the instructions to 
be followed so as learners shifted from virtual to real labs or vice versa, or alternative-
ly used sensors and data loggers. During the third and last 1-hour phase of the re-
search (conducted three weeks later), learners a post-test (which was the same text as 
the pre-test) in order to detect any changes in their initial ideas regarding gravity pen-
dulums. 
Analytically: 
1stphase of intervention (1- hour):The students of the three groups were given a 
questionnaire to answer (as a pre-test) with the help of which their preliminary ideas 
regarding the subject taught were recorded. Interviews and discussions followed, to 
probe students’ opinions and ideas, truly latent to them as they often are, and conse-
quently obscured from us as they lamentably often remain. 
2ndphase of intervention (4-hours): The second phase started with learners’ famil-
iarisation with the lab equipment to be used, while providing some preliminary infor-
mation concerning gravity pendulums. 
3rdphase of intervention (1-hour):Semi-conducted interviews, and open discus-
sions were conducted. This was done to probe even further students’ (hopefully im-
proved) opinions and ideas, albeitstill rather latent to them as they might remain. 
Subliminally presented stimuli were often used to that effect, as a means of communi-
cation. 
4thphase of intervention (1-hour):Three weeks after the conclusion of the afore-
mentioned teaching,the samelearnerswereaskedtocomplete thesame initialquestion-
naire, so as todetectany permanent changein their ideas regardingthe simple gravity 
pendulum. 
4 Results 
4.1 Method of processing the experimental data 
In the present study, the broadest possible definition of the term “assessment” is 
adopted (i.e. estimating, testing, measuring, rating). Specifically, assessment is "the 
process of evaluating the effectiveness of a particular sequence of instructional activi-
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ties when the sequence is completed" [23]. This can be achieved, asaforementioned, 
with a proper tool that allows the classification of what is being assessed in at least 
two hierarchical levels, focusing on the variable of interest, despite the numerical 
expression of the result. The numerical expression of the result from a diagnostic test 
may well lead to the illusion of accuracy and objectivity of the evaluation. But no one 
is ever able to assure us that every question of a perfectly balanced and objective test 
has exactly the same value and the same importance as the others. 
4.2 Statistical analysis-data analysis  
The use of the appropriate checking criterion (parametric or not) between research 
hypotheses depends mainly on the plan of the research, the commitment of the level 
of data, and the type of the indices of the measurement of the variables. To analyse 
the data obtained presently, the IBM-SPSS statistical package was used, and an 
ANOVA-test for independent and a t-test criterion for dependent samples were per-
formed. For the purpose of the present study, the level of significance was set at 5%. 
The research hypotheses are: 
 
H0: Null hypothesis: The participant groups of learners display the same perfor-
mance after the teaching intervention. 
H1: Alternative hypothesis: The participant groups of learners have display differ-
ent performances between them, after the teaching intervention. 
 
It should be noted that, in H1, there is no intrinsic attempt to predict which group 
displays the best or worst performance. Therefore, a two-sided checking of hypothe-
ses is formulated. The results are presented below. 
4.3 Discussion of the results   
It is reminded that the participant groups were three, group G1 consisting of 25 
learners working from virtual to real environment, group G2 comprising 24 students 
working from real to virtual environment, while a further  12 learners used sensors 
and data loggers (G3). The comparison process of the three groups’ performance 
entails four basic stages of checking. (a) Checking per group and between 
groups,regarding pre and post instructive aim O1. (b) As above but for aim O2. (c) As 
above but now for aim O3. (d) As above but for aim O4, (e) checking per group and 
between groups in the pre and post instructive as above but concerning aim O5, and 
(f) checking per group and between groups as regards their total performance. 
Checking groups G1, G2 and G3 before the teaching intervention (Pre-testing) 
for all individual teaching objectives: Table 2 represents the ANOVA – test of 
independent samples. 
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Table 2.  Results ANOVA-test for independent sambles at pre-testing level for all individual 
teaching objectives 
 df Mean Square F Sig. 
Usefulness – Pre-test 
Between Groups 2 215.429 .425 .656 
Total 60    
T vs L Pre-test 
Between Groups 2 478.108 .321 .727 
Total 60    
T vs W Pre-test 
Between Groups 2 256.754 .450 .640 
Within Groups 58 570.923   
Total 60    
T vs g Pre-test 
Between Groups 2 385.935 .382 .684 
Total 60    
T vs ! Pre-test 
Between Groups 2 510.041 .483 .620 
Total 60    
 
This is based on the ANOVA-test,obtained for all individual teaching objectives 
which correspond to a (pre-determined) non-significant statistical (p>0.05) result. 
This leads to the acceptance of the null hypothesis,  meaning that the performance of 
learners in group G1 does not differ from that of the learners in group G2,or those in 
group G3 before the teaching intervention (µ01TOTAL = µ02TOTAL= µ03TOTAL), for each 
individual teaching objective. One can therefore proceed with the rest of the compar-
isons. 
We can reach the same conclusion using a chart (error chart1) with the intervals of 
confidences et at 95%ofthemeanof each group’s performance (see Figure 1). 
 
Fig. 1. Error chart for the participant groups in the research at pre-test 
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From the above diagrams, one can deduce that there is no statistically significant 
difference between groups at the pre- test stage, as the corresponding overlaps are 
larger than half of the mean error margin. This means that, since the two groups were 
indistinguishable, all further testing is valid. 
Checking groups G1, G2 and G3 after the teaching intervention (Post-testing) 
for all individual teaching objectives: Table 3 represents the ANOVA – test of 
independent samples. 
Table 3.  The table with the descriptive indexes of the dependent variable (performance) at the 
three conditions of the independent variable at post-testing 
 N Mean Std. Deviation Std. Error 
G1: Virtual!Real 25 71.75 9.73 1.94 
G2: Real!Virtual 24 78.12 10.42 2.12 
G3: Sensor and ICT 12 64.06 14.62 4.22 
Total 61 72.74 12.07 1.54 
 
After the intervention the results of the post-test revealed that the learners who 
started with the real lab and continued with the virtual one  achieved better results 
(78.12% ± 10.42%) than either those who began with the virtual and continued with 
the real laboratory activities (71.75%± 9.73%) or those that dealt with the sensors and 
the data loggers (64.06% ± 14.62%). 
Table 4.  The overall table oft he variance at post-testing 
 df Mean Square F Sig. 
Between Groups * 2 812.023 6.607 .003 
Within Groups 58 122.905   
Total 60    
 
The ANOVA-test shows significant statistical results [(F(2,60)=6,607, p=0,003]. 
This result indicates that this differentiation should be investigated further to deter-
mine between which experimental groups this occurred. 
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Table 5.  Multiple comparisons for the dependent variable performace post-test the results of 
applying the criterionTukey HSD tot he three conditions oft he Independent variable 
Dependent Variable: PERFORMANCE_POST-TEST 
Tukey’s Honest Significant Difference (HSD) test 
(I) MEANS PER GROUP (J) MEANS PER GROUP Mean Difference (I-J) Std. Error Sig. 
G1: Virtual-->Real 
Real!Virtual -6.375 3.168 .118 
Sensor and ICT 7.687 3.893 .128 
G2: Real-->Virtual 
Virtual!Real 6.375 3.168 .118 
Sensor and ICT 14.062* 3.919 .002 
G3: Sensor and ICT 
Virtual!Real -7.687 3.893 .128 
Real!Virtual -14.062* 3.919 .002 
 
The results showed that there is a statistically significant difference between the 
groups, and the use of the criterion Tukey HSD (Post-Hoc Multiple Comparisons) 
showed that the statistically significant difference is to be found between the groups 
G2 (Real !Virtual) and G3 (Sensors and Data Loggers) [MD(I-J) =14,06, 
p=0,002)]). 
Table 6.  Results of anova-test fort he independent sambles at post-testing for all individual 
teaching objectives 
 df F Sig. 
Usefulness – 
Applications Post-test 
Between Groups 2 1.632 .204 
Total 60   
T vs L Post-test 
Between Groups 2 1.339 .270 
Total 60   
T vs W Post-test 
Between Groups 2 5.231 .008 
Total 60   
T vs g Post-test 
Between Groups 2 .524 .595 
Total 60   
T vs ! Post-test 
Between Groups 2 .276 .760 
Total 60   
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Table 7.  Multiple comparisons for the dependent variable performance post-test the results of 
applying the criterion Tukey HSD, for all individual teaching objectives. 
Tukey’s Honest Significant Difference (HSD) test 
Dependent Variable (I) MEANS PER GROUP 
(J) MEANS PER 
GROUP 
Mean Differ-
ence (I-J) Std. Error Sig. 
Usefulness - Applica-
tions Post-test 
Virtual!Real 
Real!Virtual -3.291 5.136 .798 
Sensor and ICT 8.166 6.313 .404 
Real!Virtual 
Virtual!Real 3.291 5.137 .798 
Sensor and ICT 11.458 6.355 .178 
Sensor and ICT 
Virtual!Real -8.166 6.312 .404 
Real!Virtual -11.458 6.355 .178 
T vs L Post-test 
Virtual!Real 
Real!Virtual -1.000 8.781 .993 
Sensor and ICT 15.666 10.791 .322 
Real!Virtual 
Virtual!Real 1.000 8.781 .993 
Sensor and ICT 16.666 10.864 .283 
Sensor and ICT 
Virtual!Real -15.666 10.791 .322 
Real!Virtual -16.666 10.864 .283 
T vs W Post-test 
Virtual!Real 
Real!Virtual -14.416* 5.791 .041 
Sensor and ICT 6.416 7.116 .641 
Real!Virtual 
Virtual!Real 14.416* 5.791 .041 
Sensor and ICT 20.833* 7.164 .014 
Sensor and ICT 
Virtual!Real -6.416 7.116 .641 
Real!Virtual -20.833* 7.164 .014 
T vs g Post-test 
Virtual!Real 
Real!Virtual -4.166 7.740 .853 
Sensor and ICT 5.556 9.512 .829 
Real!Virtual 
Virtual!Real 4.166 7.740 .853 
Sensor and ICT 9.723 9.576 .570 
Sensor and ICT 
Virtual!Real -5.556 9.512 .829 
Real!Virtual -9.723 9.576 .570 
T vs ! Post-test 
Virtual!Real 
Real!Virtual -4.666 9.485 .875 
Sensor and ICT 3.666 11.656 .947 
Real!Virtual 
Virtual!Real 4.666 9.485 .875 
Sensor and ICT 8.333 11.735 .759 
Sensor and ICT 
Virtual!Real -3.666 11.656 .947 
Real!Virtual -8.333 11.735 .759 
*. The mean difference is significant at the 0.05 level. 
 
Further statistical analysis using the ANOVA-test of the results, showed a statisti-
cally significant difference at the instructive goal concerning the relation between 
period and the mass of the bob, i.e. [(F(2,60)=5,231, p=0,008] between the groups. 
The use Tukey HSD criterion showed that there is statistical significance between 
groups G2 (Real !Virtual) and G1 (Virtual ! Real),i.e. [MD(I-J) =14,41, p=0,041)] 
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and also betweenG1 with G3 (Sensors and Data Loggers), i.e. [MD(I-J) =20,83, 
p=0,014)]).This allows one to assume that the subsequent use of real lab first to virtu-
al laboratory later has improved learning of the specific subject taught, and for this 
specific age group, when compared to either the group that worked in the reverse order 
of lab activities, or the one that used sensors and data loggers. 
From the chart in Figure 2, one can support the view that there is a statistically sig-
nificant difference between groups at post-test stage, as the corresponding overlaps 
are not bigger than half the mean of the average marginal error. This holds true except 
for instructive aim O3 (i.e. Independency of period from the mass of the bob) where 
there are overlaps are bigger than half the mean marginal error.All this allowsone to 
assume that the subsequent use of real lab firstand virtual laboratory laterleads to 
improved learning of the specific subject taught, always for this particular age group. 
This is in comparison to both the group that worked in the reverse order of lab activi-
ties, or from group G3that used sensors and data loggers. It is worth mentioning how-
ever, that during the informal discussions with the learners, their excitement and enthu-
siasm was clearly apparent for the total procedure. Reasons given included the ability 
to switch from one type of lab to the other with relative ease, given that everything 
was provided for in the mobile-lab environment. As both types of lab were included in 
it and they did look similar to each other, no time was wasted in shifting from the 
one to the other type. 
 
Fig. 2. Error chart for the participant groups in the research at post-test 
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5 Discussion and Conclusions 
The results of this research effort have shown that selecting to experiment in the 
orderof “real lab first to virtual lab later”has a better effect on learning, than when 
selecting the opposite experimentation order,when learning the behaviour of simple 
gravity pendulum. It also offers clearly better learning outcomes than when the exer-
ciseinvolved sensors and data loggers. It would appear that, somehow, the greater 
abstraction offered by the suitably designed, virtual laboratory acts as a halfway step 
towards the formal abstraction, represented by the ultimate goal – the theoretical un-
derstanding.  
Measurements have also confirmed that learners can use the lab equipment to work 
on both real and virtual lab somehow in parallel, and utilising simulations, and real-
lab equipment, and sensors and data loggers to enhance learners’ conceptual devel-
opment, thus making it an appropriate and contemporary tool for the teaching of pen-
dulums. Furthermore, the results of the study revealed that the cyclical process of 
virtual to real or alternatively from real to virtual lab maintained learners’ interest (in 
that it did not seem to be a straight repetition), enhancing their critical thinking and 
improving the learning process.  
There is also an apparent need to expand the present research for the optimum or-
der of real and virtual labs use in teaching, and investigate the relative merits of either 
strategy when teaching other Physics subjects. It is the expressed intention of the 
authors to persevere in this research direction. 
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